Increased pancreatic fat content may be observed in various local pathological processes such as pancreatic cancer or pancreatitis, and moreover, it is thought to develop due to reduced pancreatic volume and increased pancreatic fat content Abstract Objective: Acquiring the content of liver fat related to age and gender, and iron signal time as well as fat content values in pancreas and muscle tissue in healthy subjects with normal body mass index (BMI), by using Modified Dixon (mDixon) magnetic resonance imaging.
Introduction
Fatty liver and iron build-up are the common reasons of chronic parenchymal liver disease [1, 2] . Underlying pathogenic mechanisms resulting in diffuse parenchymal liver disease are countless, and hepatocellular damage and cell death cause hepatic fibrosis and primary liver cancer [3] .
Magnetic resonance imaging (MRI) is used for detection of metabolites in parenchymal liver disease associated particularly with intrahepatic lipids and iron ions by making use of chemical shift and magnetic susceptibility effects [9] . The presence of large quantities of lipid molecules in hepatocytes causes variations in resonance frequency. Echo timing in "in-phase" and "outof-phase" states allows for the detection of lipid molecules in contrast phase images by creating areas of relative signal loss [10] . On the contrary, the presence of iron leads to overall signal loss due to local magnetic field inhomogeneities induced associated with magnetic susceptibility by ion particles causing signal loss in in-phase images compared to out-of-phase images depending on longer echo times [11] . Fat content in organs is measured this way through an imaging method called Proton density fat fraction (PDFF) measurement calculated in percentages. And iron is measured in milliseconds on the basis of T2* images calculated with increased TE times.
As PDFF and T2* values are acquired by different sequences, a method called modified DIXON has been developed to independently measure fat and iron contents in the organs with a single capture. This method scans the whole liver in a single breath-hold time and provides fat-iron quantifications in one sequence [12] . Recent studies have shown that PDFF and T2* MR imaging results through modified Dixon reconstruction have higher accuracy than standard histopathological evaluations and therefore, it is being increasingly used today for quantifying liver fat and iron [13] .
Information on normal hepatic, pancreatic fat and iron content in certain age groups based on MRI might be helpful in scanning and risk prediction in liver and pancreas diseases presenting with especially substance accumulation by primarily using correct age-related reference values. Our study aimed to define reference standards of age-and gender-related liver and pancreatic fat content and values of iron signal time in normal, completely healthy donors scanned as liver donors by quantifying fat and iron content in liver as well as fat content in pancreas and muscle retrospectively in modified DIXON quant sequence with 3.0 Tesla MRI devices.
Materials and Method
This retrospective study was conducted by assessing images of completely healthy donor candidates who had MRI scans for steatosis evaluation of liver donor candidates between 2011-2018. 62 healthy liver donors aged between 20-62 years were enrolled in the study including seven men vs. 10 women for 20-29 age range, 10 men vs. five women for 30-39 age range, 10 men vs. six women for 40-49 age range and eight men vs. six women for >=50 years (totally 27 women; mean age, 37.96 ± 13.42 years; 35 men; mean age, 42.29 ± 14.73years). Inclusion criteria were: a) normal BMI (18.2 -25.7 kg/m2); b) being in the age bracket of 20-62; c); being healthy. Exclusion criteria were: a) systemic diseases (chronic obstructive pulmonary diseases, diabetes, metabolic diseases, rheumatological disorders, tumors, chronic pain syndrome); b) vascular problems (coronary heart disease, peripheral artery disease); c) alcoholism, drug use. As the cases were donor candidates, they underwent anamnesis, examination and tests. Age, height and weight of each case were determined and their BMI values were calculated.
Data Collection and Analysis
All MR examinations were performed on the 3.0 Tesla MRI devices (Ingenia, Philips Healthcare, Best, the Netherlands). The subjects were given supine positions with both arms at the sides. A 32-channel posterior coil integrated into examination couch and two 16-channel coils were used for receiving signal.
For liver fat quantification and T2* mapping, a BH 3D multiple echo GRE sequence (mDixon-Quant, Philips Medical systems, Best, the Netherlands), based on the mDixon technique, was performed using the following parameters: a 360 × 327 mm2 field of view, 144 × 131 matrix, 6 mm slice thickness (100% interpolation), 67 slices, 3-degree flip angle, 2346 ± 125 kHz receiver bandwidth, time to repetition: 5.6 msec, 6 echoes (initial time to echo: 0.95 msec, interval of TE: 0.7 msec). The sequence utilized a low flip angle, multi-echo, multi-peak method including T2* and eddy current compensation for accurate and reproducible fat quantification in a single breath hold time. mDixon-Quant (Philips Medical systems) automatically generated a fat fraction map and a T2* map. MR images of upper abdomen including hepatic, pancreatic and paraspinal muscle groups were used for this study. The images generated were assessed in work station of MR device. In PDFF and T2* images acquired from mDIXON sequence, three quantifications from liver segment VI, totally three quantifications including one from each of head, body and tail parts of pancreas and two quantifications from both paraspinal muscles (multifidus) in the same section were obtained by placing approximately 1.5 cm areas (ROI). Quantifications were acquired from areas not including the veins, bile ducts or areas with artifact in the liver parenchyma while quantifications from the pancreas were acquired by avoiding the fat around the pancreatic duct and the organ as much as possible. In these areas, PDFF values were provided in percentages and similarly, iron values were provided as T2* times in milliseconds by the device automatically ( Figure 1 ). Moreover, by measuring T2* times and PDFF values in percentages from both paraspinal muscle groups in the same section, T2* times were compared also with liver values for normalization.
Statistical analysis
Normal distribution of numerical variables was tested by the Shapiro-Wilk test. The Student's t-test was used in the comparison of normally distributed numerical variables between both groups, and the Mann-Whitney U test was used to compare numerical variables that were not distributed normally between both groups. ANOVA and LSD multiple comparison tests were used to compare numerical variables with normal distribution between four groups, whereas the Kruskal-Wallis and Allpairwise tests were used for the comparison of variables with non-normal distribution between four groups. The correlations between numerical variables were tested using Spearman's
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Figure 1:
PDFF and T2* images generated by mDIXON sequence. a) percentage of liver PDFF, b) liver T2* in msec, c) percentage of pancreas PDFF, d) percentage of PDFF and e) muscle T2* in msec rank correlation coefficient. Definitive statistics were provided with mean ± standard deviation for numerical variables, and in numbers and percentages for categorical variables. SPSS 22.0 version for Windows was used in the analyses. P<0.05 value was accepted as significant. 
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© 2018 Feyza Yilmaz. Mean hepatic PDFF value in all age groups between 20-62 years was 2.89 ± 1.19% for women and 3.19 ± 0.94% for men ( p = 0.277). Hepatic PDFF value did not show a significant difference based on gender or a correlation between the age groups ( Table 2 ). Mean pancreatic PDFF value in all ages between 20-62 years was 2.58 ± 1.33 and 3.09 ± 1.87, respectively, for women and men. Pancreatic PDFF values showed a significant difference between genders only when >=50, and pancreatic fat content was higher in men than women in this age group (p=0.013) ( Table 3 ). Pancreatic fat content in men had a weak positive correlation with age (p=0.027, r=0.385) ( Figure 2 ). Pancreatic PDFF values did not demonstrate a significant difference based on localization when compared with head, body and tail parts. 
© 2018 Feyza Yilmaz. Mean muscular PDFF value in all ages between 20-62 years was 4.14 ± 2.25 and 3.22 ± 1.8, respectively, for women and men. According to muscular PDFF values, muscle fat content was higher in women than men only in the 20-29 age range and was statistically significant (p=0.010) ( Table 4 ).
Whereas, muscle fat content was correlated with age in men (r=0.697, p=0.027) ( Figure 3 ). The mean hepatic T2* times (msec) in all ages between 20-62 years was 23.49 ± 3.89 for women and 23.2 ± 2.75 msec for men. The Hepatic T2* times did not show a statistically significant difference based on gender and age (p = 0.826) ( Table 5 ). A mild negative correlation (r=-0,420, p=0.029) and a strong negative correlation (r=-0,617, p=0.001) were seen in women and men, respectively, in terms of mean fat content and iron signal time of liver ( Figure 4 ). 
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Figure 4: Correlation between hepatic PDFF % and liver T2* in a) men and b) women
Along with BMI values within normal range in our study group, BMI was found to have a positive weak correlation with liver (r=0.382, p=0.024) and muscle fat contents (r=0.380, p=0.024) only in men. Also, there was a mild positive correlation between liver fat content and muscle fat content only in men (r=0.409, p=0.015).
Figure 5: Correlation between a) BMI and hepatic PDFF % and b) BMI and muscular PDFF % in men

Discussion
This is a study on the calculation of hepatic fat and iron content and pancreatic and muscular fat content in a healthy group with varying ages (20-62 years) and gender by using the mDIXON method. Such data have critical importance for DIXONbased quantifications of liver fat and iron as well as pancreatic and muscular fat in future clinical routine. In order to perform a risk assessment in patients with suspected liver disease, it is necessary to distinguish high liver fat content from age-related normal increase. Studies are ongoing with great effort on the direct conversion of MR imaging-derived fat-signal fractions to actual fat content, e.g. as fat in milligram per gram liver tissue. Today, liver fat content is often quantified through histopathological analysis of tissue obtained through liver biopsy [7] . As they are invasive, biopsies are rarely performed in healthy individuals without clinical indications [8] , and histological analysis of liver fat content in a healthy population could not be obtained so far due to ethical reasons. Evaluation of visual biopsy is typically based on cell counts and may lead to fat content estimations that are higher than volumetric measurements [14] . Assessment with digital image analysis and computer-assisted morphometry estimates fat content better than the assessments that are based on typical cell count [15, 16] . Traditionally, fat amount above 50 mg/g (5% by wet weight) is accepted as hepatic steatosis [14] .
Localized proton magnetic resonance spectroscopy (MRS)
is also a non-invasive method that has the potential to measure hepatic triglyceride content accurately [17, 19] . However, in case of non-homogenous liver tissue, MRS causes sampling errors similar to biopsy. Today, MR Imaging is used as a new gold standard as it is able to quantify intrahepatic fat content in the liver with high accuracy [20, 21] . Unlike biopsies, this method is non-invasive and presents a representative assessment of the entire liver.
In a large study with broad participation, 95% of 345 participants who had normal BMI and no risk for fatty liver disease had less than 5.56% hepatic fat by weight with a minimum of 1.9% of tissue by weight, in MRS [22] . These values seem compliant with our PDFF values in healthy volunteers with 2.9 ± 1.2% in women and 3.19 ± 0.94% in men as mean hepatic PDFF values. Studies on patients with chronic hepatitis C who had their biopsies before therapeutic trials showed a correlation between BMI and liver steatosis [23] . However, liver steatosis did not show a significant correlation with BMI in patients with chronic hepatitis B [24] . Hines et al. [25] reported an exponential relationship between MR fat-signal fraction and BMI with IDEAL algorithm. In a study reported by Gallagher et al. [26] , percentages of healthy body fat (measured with dual-energy X-ray absorptiometry) increased with age in both genders. In our study, there was a weak correlation between BMI and liver and a strong correlation between BMI and muscle fat-signal fraction in men whereas we could not find any correlations in women; however, our healthy population included only those with normal BMI.
In recent years, several MR studies have been conducted for liver fat quantification using the modified DIXON method. These studies have found fat-signal rates calculated with MR imaging and MR spectroscopy to be correlated with histopathological examinations [19, 27, 28] . DIXON method enables the onset of transverse magnetization of fat and water protons in diverse frequencies depending on echo-time allowing for separation of signal components (chemical shift), calculation of wateronly and fat-only images, and accordingly, [29] , calculation of fat-signal fraction [30] . Typically, minimum two echoes are required for imaging-based fat-water separation with better detection depending on concomitant shortening of transverse magnetization or increased tissue-iron content in more echoes allowing for improved correction of effects such as T1 suppression due to longer TR, B0-field distortion or T2* [31] . In a recent study [16] , mean PDFF values were ranging from 5 to 26% (mean 8.3 ± 6.2%) in correlation with histopathologic hepatosteatosis in patients without underlying liver diseases such as liver cirrhosis and hemosiderosis. In another study [32] , measurement of PDFF values ranged from 0 to 23 (mean 5.72 ± 6.03%) and 0.54 to 36.45 (5.71 ± 9.00%), respectively, in women and men. In our study, PDFF value of all cases (with normal BMI) ranged from 0.3 to 5.6% (mean 2.9 ± 1.2%) and 1.6 to 5.2% (mean 3.19 ± 0.94%), respectively, in women and men. Our study chose completely healthy individuals, and PDFF value of our group was lower than that in the recent studies conducted with patients [16, 32] . Each histological steatosis degree in NAFLD (non-alcoholic fatty liver disease) was defined as follows: grade 0 (normal): <5%; grade 1 (mild): 5 to 33%; grade 2 (moderate): 34 to 66%; and grade 3 (severe): >66% [33] . PDFF value intervals recommended in MR examinations are as follows: grade 0 (normal) [0-5%]; grade 1 (mild) [6.5-17 .4%]; grade 2 (moderate) [17.5-22 .1%] and grade 3 (severe) [22. 2% or greater] [34] .
In our study, liver iron and muscle iron values were also quantified using the DIXON imaging method. Iron build-up in the liver may be due to hereditary hemochromatosis, transfusionrelated hemochromatosis, chronic hepatopathies, etc. and furthermore, increased oxidative stress-induced exposure over time might result in cirrhosis, liver failure and hepatocellular carcinoma by damaging the liver. Like in steatosis, non-invasive detection of this build-up in the liver might relieve the patient of biopsy which is an invasive process. Among recent studies primarily comparing iron build-up in thalassemia patients with histopathological results and blood ferritin levels, a study on age-related iron build-up in a normal healthy individual would give information about metabolic progression of the patient. A normal liver has longer T2* relaxation time (greater than 20 msec for 1.5 T). It can detect the existing hepatic iron build-up at high accuracy with a strong negative correlation between liver T2* values and histological iron grade [35] . Pre-published data demonstrate a relationship between iron build-up and the presence of hepatic inflammation and fibrosis [36, 37] . Studies in the recent years reveal that T2* values have been measured to be lower particularly in the presence of steatosis [38, 39] . Besides falling within normal limits in a similar way, our study also showed that T2* values decreased as PDFF value increased (p=0.029 in women vs. p=0.001 in men). The reason is the fact that signal loss due to fat-water signal overlap in the first echo might mask or even dominate T2* signal reduction in the second echo [40] . Moreover, upper limit is below 1.5 T in 3 T devices depending on rapid signal transmission in the studies [41] . Therefore, despite the insufficient number of patients in our study, T2* ranges from 18.6 to 35.6 msec and from 18.4 to 30.6 msec in women and men, respectively. In this case, values below 20 msec as defined for 1.5 T might also be considered normal for 3 T. However, more patients should be examined for this lower limit.
Larger studies on pancreatic fat content involving more participants report inconsistent results for the relationship between pancreatic fat content and impaired glucose metabolism [42, 43] . An explanation for such heterogeneous results might be different imaging methods that are used in the assessment of pancreatic fat content, including ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI) [42, 44] . Considering its non-ionizable characteristics and display of high soft tissue contrast, MRI may be particularly suitable to comprehend the role of pancreatic fat content [44] . Similarly with the liver, detection of age-and gender-related changes in pancreatic fat content in healthy population will help distinguish age-and gender-related normal results from pathological processes. Pathological processes like diabetes and metabolic diseases which might influence the pancreas of the patients have been excluded from our study, and the lack of insulin value (HOMA) data constitutes a limitation. In our study, while pancreatic fat-signal fraction showed an increase with age only in men as well as a significant difference compared to women in the elderly group, mean muscle fat-signal fraction in women was higher than men with a significant difference compared to men in the younger group. This situation implies that steatosis tends to occur outside the organ in women while the reverse seems to be true in men in the healthy normal population. We believe that this situation is rather due to sex hormones.
Our study had certain restrictions. To begin with, histopathological comparison could not be made due to ethical reasons as the study included healthy individuals. No measurement associated with breathing artifacts was performed particularly in the hepatic dome, and segment VI, owing to having highest fat content, was used for localization by taking previous studies as basis for measurements. Furthermore, in pancreas PDFF quantifications, extracellular fat areas might have been accidentally included in the calculations despite all the attention paid, particularly in cases with lower pancreatic volume.
An advantage of MRI protocol is the concomitant measurement of PDFF and T2* values in many organs such as liver, pancreas, heart, kidneys or muscles. Moreover, it allows for the calculation of indices such as total adipose tissue, visceral adipose tissue and abdominal subcutaneous adipose tissue.
Conclusion
Concomitant fat and iron quantifications in the liver, pancreas and many other solid organs are possible with a single 20-second breath-hold time by using the mDIXON sequence, and on the contrary to biopsy, a large organ can be completely assessed rather than a small part of it. By presenting a fast picture of a patient's general state of health, such an MRI protocol might assist the clinician to better estimate the risk of long-term organ damage by diabetes, cardiovascular disease, cancer and other diseases by dint of information on age-related normal hepatic and pancreatic fat and iron content.
